Changes in pH have a marked influence on uterine contractility. Changes in uterine pH occur during pregnancy and labour, when marked endocrine changes are occurring. As hormonal status can also influence contractility, this study investigated whether pH\ x=r eq-\ induced modulation of uterine force is influenced by hormonal changes. 
Introduction
Previous studies showed that changes in intracellular pH (pH.) modulate force in a variety of smooth muscles (Wray, 1988; Austin and Wray, 1994; Burdyga et al, 1996) . In myometrial smooth muscle obtained from both rats (Taggart and Wray, 1993) and women (Parratt et al, 1994 (Parratt et al, , 1995a , intracellular acidification decreases, and intracellular alkalinization increases, spontaneous force. Extracellular pH (pHo) change also affects force in myometrium but its effects vary with gestational state (Naderali and Wray, 1996; Taggart et al., 1997) . In the human uterus, pH increases throughout gestation (Parratt et al, 1995b) ; an effect that has been attributed to hormonal changes.
Myometrial contractility is affected by various factors including hormones (Neulen and Breckwoldt, 1994) . Pro¬ gesterone reduces myometrial contractility and sensitivity to labour-inducing agents. Treatment of patients with antiprogestins, such as mifepristone, increases the sensitivity of myometrium to labour-inducing agents (Swahn and Bygdeman, 1988) .
During the oestrous cycle, myometrial contractility is under continuous influence by the sex steroids. However, it is not known whether these physiological changes in hormone concentrations can alter the contractile response of the uterus to pH alteration, which may be of relevance during labour when a decrease in pH is anticipated. This decrease in pH is due to periods of hypoxia, resulting from the occlusion of blood vessels within the contracting uterus, and may inhibit subsequent contractility. Any hormonal difference, for example, between term and pre-term labours, may influence the response of the uterus to such changes. Hence, the present study investigated the pH and force at two stages of the oestrous cycle, when marked differences in the hormonal environment may be expected. In guinea-pigs, peripheral plasma progesterone concentration is at its highest on day 7 of the oestrous cycle, and is 4.1 times greater than that on day 15 (Poyser, 1983) . Therefore, guinea-pig myometrium was studied on these days to elucidate the effect of pH change on uterine contractions during physiological changes of steroid hormone concentrations.
Materials and Methods
Virgin Dunkin-Hartley guinea-pigs 
Resting pH and contractile activity
The resting value of intracellular pH was significantly (P < 0.001, = 6) more acidic at the end of the oestrous cycle (day 15) than at mid-cycle (day 7); pH = 7.12 ± 0.02 and 7.34 ± 0.04, respectively. The amplitude of the contractions on day 15 was higher, compared with day 7, leading to a significant difference in integrated force between the two days (P < 0.01). A record of simultaneous force and pH at both stages of the oestrous cycle is shown (Fig. 1 (Naderali et al, 1997) , this contraction was associated with a decrease in pH. (Fig. 2) . However, despite the fact that less force was produced, the acidification was twofold greater on day 7 than on day 15 (0.16 ±0.03 and 0.07 ±0.01, respectively; = 4). Small acidifications were also evident with the spontaneous contractions (Fig. 2) .
Effects ofaltering external pH Extracellular acidification caused a significant increase in force and an internal acidification in both day 7 and day 15 myometrium (Fig. 3) . When extracellular pH was decreased by one pH unit (to 6.4), there was a decrease in pH. of 0.38 ± 0.03 and 0.41 ± 0.07 pH unit in day 7 and 15 myometrium, respectively (n = 6). The half times for these changes were also similar, 2.5 ± 0.5 and 2.2 ± 0.3 min, respectively, for days 7 and 15. The increase in force was 242 ± 34% on day 7 and 164 ± 22% on day 15. There were no significant differences between the effects of extracellular acidification on changes in pH or force between day 7 and day 15 myometrium.
Extracellular alkalinization (pH 8.4) induced an increase in internal pH in both day 7 and day 15 myometrium (Fig. 4) (Fig. 4b) . However, in 6/10 preparations, extracellular alkalinization potentiated the contractions (273 ± 43%) (Fig. 4c ). These differences were not reflected in any differences in the intracellular pH change. As with acidification, the time for pH. to change when external pH was altered was not significantly different between days 7 and 15 (2.9 ± 0.3 and 2.8 ± 0.3, respectively). (Fig. 5b) . However, contractions re-appeared during the 10 min application of butyrate (Fig. 5b) . The same effect was also seen with the application of another weak acid, propionate (Fig. 5c ). This recovery of force in the continued presence of the weak acid was never seen in the day 7 preparations. Regulation of pH was more apparent in the day 15 preparations (Fig. 5b,c) than in the day 7 preparations (Fig.  5a ), but the rate of regulation just failed to reach statistical significance (P < 0.06).
Application of a weak base (NH4C1) caused a rapid increase in pH. on both day 7 (0.17 ± 0.02 pH units) and day 15 (0.22 ± 0.02 pH units), with no significant differences between them (Fig. 6) (Parratt et al, 1995b) . Again, the higher progesterone concentrations at this time of pregnancy appear to be associated with a more alkaline resting pH. The mechanism of this effect is unclear but may involve agonistinduced stimulation of the Na-H exchanger, as has been reported for vascular smooth muscle (Berk, 1996) . (Higgs and Moawad, 1974; Lindblom et al, 1980) . Stage of the oestrous cycle also affects the frequency of contractions of the infundibulum (Friedman et al., 1994) . In the present study, there was no difference in the frequency of the spontaneous contraction in vitro at different stages of the oestrous cycle. The significant increase in contractile strength when oestrogen concentrations were higher is consistent with earlier reports (Friedman et al, 1994 ).
There is a correlation between the degree of force pro¬ duction and the magnitude of the acidification-produced pH. change (Naderali et al, 1997 (Taggart and Wray, 1993 , Parratt et al, 1994 , 1995a (Shmigol et al, 1995) . Given the similar effects on force of pH alteration between rats and guinea-pigs, it is expected that similar mechanisms operate in the guinea-pig uterus to alter force.
Lowering pHo caused a similar increase in force in both day 7 and day 15 tissues, while increasing pHo decreased force in day 7 tissues and in many of the day 15 tissues. The inhibitory effect of increased pHo, found also in rat myometrium (Taggart et al, 1997) , is unusual; as alkaline changes are often associated with increased tone (for example, blood vessels; Austin and Wray, 1994 Overall, the present study indicates that the oestrous cycle influences the mechanisms maintaining resting pH in guinea-pig uterus. Furthermore, as anticipated, high oestradiol and low progesterone (day 15) are associated with an increased force-producing ability in the myometrium. However, at both stages of the oestrous cycle, pH changes greatly modified force production. The effects of the oestrous cycle and, hence, of hormonal background, on that ability were slight, indicating that pH exerts its effect on the basic process of excitation-contraction coupling, particularly Ca2+ entry.
